ABSTRACT There is a significant need to give careful consideration to Capability Maturity Model Integration (CMMI) Level 2 specific practices-SP 1.3 ''manage requirements changes,'' and SP 1.4 ''maintain bidirectional traceability of requirements,'' especially in the context of small-and medium-sized software development organizations in Saudi Arabia, in order to assist such organizations in getting one step closer to achieving CMMI Level 2 certification. The objective of this research is to implement CMMI Level 2 specific practices-SP 1.3 and SP 1.4. In this paper, a workflow model for each specific practice has been developed. In addition, initial evaluation of the models has been discussed. It is necessary to highlight that this paper contributes not only to the implementation of SP 1.3 and SP 1.4 of Requirements management process area in the context of small-and medium-sized software development organizations but also to the body of empirical studies in various context. Data has been collected by exploring published research articles and high-level software process descriptions. Moreover, previous research works that dealt with the implementation of CMMI Level 2 process areas have been reviewed. Furthermore, research articles that provide guidance to software development organizations for implementing process areas of CMMI Level 2 in their environments have been considered. After careful analysis of the collected data, we have proposed the models for two specific practices of CMMI level 2, i.e., managing requirements change and maintaining bidirectional traceability of requirements. Each model is divided into core stages, and different activities associated with each stage are clearly indicated. Initial evaluation of the proposed models was also conducted using the expert review process. Based on the initial evaluation, we are confident that our proposed models are clear and easy to learn, follow, and use. Moreover, our models are applicable to small-and medium-sized software development organizations in Saudi Arabia. The proposed models can also assist such organizations in implementing these two specific practices. For further evaluation, we need to perform multiple case studies in an industrial setting to test the proposed models.
I. INTRODUCTION
Due to the significant increase in the importance of software products as well as the demand for enhanced software quality in the industry, many software engineering researchers pay special attention to the process of software development. Continuous assessments and improvements are needed throughout the software process to meet and satisfy the requirements of both customers and stakeholders. These improvements will lead to the creation of high-quality software. The quality of the software processes used by organizations for the development of software has a strong influence on the quality of the software product (Halvorsen and Conradi [1] ). Thus, acquiring high-quality software that meets the specified requirements of customers is one of the major challenges that software organizations face (Kitchenham and Pfleeger [2] ; Scacchi [3] ).
Many researchers focused on software quality by applying the concept of software process improvement (SPI) (Ashrafi [4] ; García-Mireles et al. [5] ). Ashrafi [4] investigated the impact of SPI methodologies on software quality. García-Mireles et al. [5] indicated that when software development organizations implement SPI, they are seeking to enhance the quality of their resulting software. SPI is considered an essential aspect in optimizing the software development process, especially for small-and medium-sized organizations (Iqbal et al. [6] ; Rahmani et al. [7] ). Niazi and Babar [8] pointed out that the design of effective SPI implementation initiatives to help small-and medium-sized organizations is considered one of the main challenges in the software industry. Therefore, research efforts have been directed toward the implementation of SPI frameworks/standards to increase software quality and productivity (Dutra and Santos [9] ; Niazi [10] ). ISO/IEC 15504 and Capability Maturity Model Integration (CMMI) are examples of well-known and established SPI standards. CMMI is the latest SPI model introduced by the Software Engineering Institute (SEI). According to Lee and Wang [11] , ''CMMI has been widely researched. '' As shown in Figure 1 , the CMMI model consists of five maturity levels (MLs). The lowest level is Level 1, which represents a poorly controlled SE process, while the highest, Level 5, represents an advanced SE capability. Twenty-two process areas (PAs) are associated with the five levels, except Level 1. Each PA has a set of related practices that should be carried out to satisfy and achieve a set of well-defined goals. Reaching a certain level of maturity for a software development company is based on the satisfaction of all the goals of the PAs in that particular level and in all the lower levels (Day et al. [12] ).
FIGURE 1. Capability maturity model integration (CMMI).
Although the CMMI model assists software development organizations in enhancing their software quality, only a few software companies are adopting it. Staples et al. [13] highlighted significant reasons most of the software organizations do not use CMMI as an SPI model. The primary reasons are: the small size of the organization, the long time needed to adopt such model, the high cost of services of capability maturity, and the use of other SPI models. Moreover, Niazi and Babar [14] highlighted two main reasons why many software organizations are unwilling to start a long path of CMMI implementation: the significant investment required and limited success.
It is important to note that small-and medium-sized software development organizations are using ad-hoc solutions in place of CMMI to implement SPI programs (Al-Tarawneh et al. [15] ). This is because such organizations experience more difficulty than larger organizations in applying Capability Maturity Models (Al-Tarawneh et al. [15] ; Clarke and O'Connor [16] ). In addition, they do not have enough significant resources to invest (Niazi and Babar [14] ). Chrissis et al. [17] stated that ''CMMI identifies 'what' activities are expected, but does not specify techniques on how to accomplish those activities.'' Moreover, Vivatanavorasin et al. [18] pointed out that CMMI does not describe how the software development organization should act to achieve a given CMMI process area. Thus, there are no clear approaches that assist small-and medium-sized software companies in implementing CMMI. Therefore, more attention on ''how'' to implement CMMI is needed to assist such organizations in successfully adopting different CMMI Levels. In this proposed research, CMMI Level 2 will be particularly addressed because Niazi and Babar [8] pointed out that small-and medium-sized software organizations set out to achieve Level 2 when they begin to accept CMMI as an SPI model.
The objective of this paper is to implement two specific practices of the requirements management (REQM) process area of CMMI for small-and medium-sized software development organizations in Saudi Arabia. The major contributions of this research paper are:
• To develop high-level (abstract-level) models for SP 1.3 (i.e., manage requirements changes) and SP 1.4 (i.e., maintain bidirectional traceability of requirements) of the ''requirements management'' process area at CMMI Maturity Level 2, specifically for small-and medium-sized software development organizations.
• To evaluate the proposed workflow models for SP 1.3 and SP 1.4 through an expert panel review process. In order to achieve these objectives, the following research questions (RQs) will be addressed:
• RQ1. How can one implement SP 1.3 and SP 1.4 of the REQM process area at CMMI Maturity Level 2?
• RQ2. What is the perceived ''ease of learning and ease of use'' of the proposed workflow models for SP 1.3 and SP 1.4?
• RQ3. What is the perceived ''usefulness'' of the proposed workflow models for SP 1.3 and SP 1.4?
• RQ4. What is the perceived applicability of the proposed workflow models for SP 1.3 and SP 1.4 to small-and medium-sized software development organizations? The rest of this paper is organized as follows: Section II highlights the motivation behind this study. The background is presented in Section III. Section IV describes how VOLUME 5, 2017 the proposed models for SP 1.3 and SP 1.4 were designed. Our findings from the literature are presented in Section V. This section also describes the development of the proposed models. Section VI gives an evaluation of our models. In Section VII, limitations of the study are described. The conclusion and future work are presented in Section VIII.
II. MOTIVATION
In this research, we will address Level 2 in CMMI because it has been noted that small-and medium-sized software development organizations set out to achieve Level 2 when they start adopting the Capability Maturity Model as SPI standard to enhance the quality of their software product (Niazi and Babar [8] ). Particularly, SP 1.3 and SP 1.4 of the Requirements Management (REQM) process area at CMMI Maturity Level 2 will be implemented, specifically for small-and medium-sized software development organizations.
The reasons for selecting these two specific practices are as follows: El Emam and Madhavji [19] indicated that requirements engineering (RE) is considered one of the most critical processes and key tasks in software development. In other words, it plays a major role in the success of the software development process. Therefore, more attention should be given to improving requirements engineering practices. Shah and Patel [20] provided a review of significant issues and challenges of RE in the software development process, such as poor requirements traceability and requirements change management. The authors of this study pointed out that the important challenges of RE in software development remain unaddressed, even though the industrial practices have proposed some solutions to overcome them. In this context it is necessary to point out that Saastamoinen and Tukiainen [72] presented an empirical study of software process assessments in a tSoft-project that comprised of eight small-and medium-sized software development organizations located in Eastern Finland. The authors highlighted that requirements changed management was imperfectly and ineffectively organized in the majority of the organizations. They further stated that the organizations did not often update the requirements documents after accepting the proposed changes. The changes were poorly saved, using only electronic mail or yellow notes. The authors also underlined that traceability of requirements was poor in most of small-and medium-sized software development organizations. This was because such organizations used an ineffective tool to support requirements traceability during the requirement-change management process. Additionally, they inadequately updated the requirements documents during this process.
Regarding managing the requirements changes, it is important to highlight that software development is regarded as a dynamic process, characterized by continual change and modifications. As a result, software requirements appear to be expanding with the advancements in the software development process (Barry et al. [26] ). The software requirements continue to evolve and may necessitate modifications, additions, or deletions of specifications in some phases of the software development cycle. Barry et al. [26] concurred that the causes of the change in the requirements originate from the dynamic nature of the software environment. Zowghi and Nurmuliani [31] highlighted that the volatility in the requirements is one factor that contributes to the difficulties faced by most software development organizations in the software development process. The authors showed a negative relationship between requirements volatility and the performance of the project. In addition, Curtis et al. [29] indicated that managing requirements change has not been accorded the seriousness that it deserves, and, thus, remains a challenge in software development.
With respect to maintaining the bidirectional traceability of the requirements, Sommerville and Sawyer [37] highlighted that the requirements management is concerned with all aspects dealing with changes in the requirements of the software project. Gorschek [34] and Gorschek and Wohlin [35] underlined that requirements traceability is one of the key activities of requirements management, which is an essential part of RE. Ramesh [36] also pointed out that requirements traceability can be used to verify a particular requirement. Moreover, Ramesh [36] believes that requirements traceability is an essential aspect that needs to be employed in order to enhance the process of system engineering. In addition, it is indicated that traceability plays a major role in clarifying the customer's needs. It also ensures that the system follows what the customer wants. According to Abran et al. [38] , requirements traceability assists in managing changes that might take place after obtaining commitment to the existing requirement. In other words, traceability is required during the impact analysis activities in order to evaluate the effect of each requirement due to the proposed change. It can be concluded that maintaining the bidirectional traceability of the requirements has not been given the seriousness that it requires, and, therefore, has always been a challenge in software development.
III. BACKGROUND
Requirements management (REQM) is a basic project management process area at CMMI Maturity Level 2. The main aim of the REQM process area is to make sure the requirements are managed and consistent with each other throughout the conducted project. In other words, they do not contradict each other (O'Regan [21] ). Moreover, REQM process area should keep the requirements up to date. In addition, such PA plays a major role in ensuring that requirements, project plans, and work products remain consistent (Wilkie et al. [22] ). REQM process area involves five specific practices. As described in Table 1 , these practices mainly focus on the understanding of the requirements, obtaining commitment to the requirements, managing and controlling the changes to the requirements, maintaining bidirectional traceability of requirements, and identifying inconsistencies between project work and requirements.
A. SP 1.3 -''MANAGE REQUIREMENTS CHANGES'' SP 1.3 is one of the primary practices in REQM process area. This practice deals with managing the changes in the requirements. According to the CMMI v1.3 specifications [25] , SP 1.3 is an essential practice in managing and controlling changes that may happen after obtaining commitment to the existing requirement. Persse [24] indicated that SP 1.3 is clearly defined and described to assist in managing the constant evolution of the requirements. Once any change is triggered through the requirements change management, the impact of the proposed change should be evaluated and analyzed based on the current commitments, work breakdown structure, project plan, and other work products. Any change in the requirements may immensely impact the software project. Thus, SP1.3 will help evaluate the change in requirements and analyze the impact caused with regards to the schedule, cost, and quality. In addition, this specific practice will assist in identifying the nature and complexity of changed requirements.
It is necessary to point out that Wilkie et al. [22] performed an empirical study of small-to medium-sized software development organizations in a bid to evaluate the CMMI process areas. The authors carried out research to explore the challenges such organizations had when adopting CMMI in their environments. Their findings showed that both smalland medium-sized organizations failed to show effective and efficient strategy plans in evaluating and analyzing the impact of proposed changes to the existing requirements. Niazi and Babar [8] also provided an empirical study to identify the relative ''perceived value'' of different specific practices of CMMI Level 2 process area based on the experiences of practitioners of small-and medium-sized software development organizations in Malaysia and Vietnam. Their findings indicated that SP1.3 was often cited as ''high.'' This result confirmed the prior findings of other research studies (Niazi [32] ; Niazi and Shastry [33] ) that emphasized the significant role of SP1.3 in managing the requirements of the software development process. Furthermore, Lester et al. [23] showed that, in terms of the average values for practice usage for REQM PA, SP1.3 had the least value in medium-sized software development organizations and was the second lowest in smaller ones. One of the core specific practices in REQM process area at CMMI Level 2 is SP 1.4. According to the CMMI v1.3 specifications [25] , SP 1.4 is an essential practice in maintaining and supporting the bi-directional traceability of requirements. Once the constant evolution of the requirements is controlled and managed, requirements traceability is required to be initiated in order to trace a source requirement to its resulting work product and to trace each unique work product requirement back to its source. CMMI v1.3 specifications also underline that SP 1.4 assists in deciding whether or not all source requirements are perfectly tackled. In addition, this specific practice helps in determining whether or not all low-level requirements can be mapped and verified to a valid source. In other words, such practice assists in finding the valid origin and root of all low-level requirements. It is necessary to indicate that CMMI v1.3 specifications extremely stress the importance of this practice, especially in the case of assessing the impacts of the requirements changes on the current commitments, work breakdown structure, project plan, and other work products. Persse [24] highlighted that SP 1.4 contributes to three main project management points: trace to plan, trace to anticipate, and trace to know.
It is important to mention here that Wilkie et al. [22] showed that most small-and medium-sized software development organizations fail to present effective and structured strategy plans in tracing the lifecycle of each requirement. Niazi and Babar [8] also indicated that SP1.4 was reported as a ''high'' perceived value by only 41% of small-and medium-sized software development participants. In this study, the researchers stress that SP1.4 is one of the most essential elements of the requirements management process. This is because it is impossible to manage and control the requirements without implementing a well-defined traceability strategy, except for very small projects. Furthermore, Lester et al. [23] illustrated that SP1.4 was the least importance-specific practice to small-sized organizations and the second lowest to medium-sized organizations.
It can be concluded that more attention should be paid to SP 1.3 and SP 1.4. In other words, there is a need to give careful consideration to these two specific practices and concentrate on them more. Although SP1.3 and SP 1.4 play important roles in the success of a software project, not enough research studies have been carried out to support the effective implementation of these two specific practices. Thus, in this research, we propose a model for SP 1.3 and SP 1.4.
C. DEFINITIONS OF SMALL AND MEDIUM-SIZED ORGANIZATIONS
It is essential to point out that the statistical definition provided to small and medium-sized enterprises (SMEs) varies from country to country and is based on the number VOLUME 5, 2017 of employees and value of sales. But the parameter that is the most used is the number of employees [54] . The European Union describes SMEs as small companies that have from 10 to 49 employees, while a medium company has from 50 to249 employees (Lester et al. [23] ).
The Australian Bureau of Statistics indicates that the number of staff in a small company ranges from 5 to19, while in a medium company the number is 20 to199 (Niazi and Babar [8] ). The development authority of SME staff in Pakistan states that a small enterprise employs 10 to 35 employees, while a medium-sized enterprise has 36 to 99 employees (Dasanayaka [53] ). It is necessary to point out here that Saudi Arabia has more than one definition of an SME. However, the SME definition that is most suitable there is that of a small company, which has 3 to 49 employees, while a medium-sized company has 50 to 200 employees [54] . Figure 2 indicates the stages that are involved in the designing of the proposed models. The first stage involved in the development of the proposed workflow models was for specifying criteria for their success. Due to the unique features and peculiarities of small-and medium-sized software development organizations compared with larger organizations, we have set the following basic criteria for developing the models for SP 1.3 and SP 1.4 in the REQM process area: 1) Ease of use: Small-and medium-sized organizations do not have the money to adopt complex models.
IV. CRITERIA FOR MODELS DESIGNED
In addition, such organizations do not have the resources needed to apply complicated models. Therefore, our models have been structured to be easy to understand and easy to follow.
2) Stakeholders' satisfaction:
The results of the models should satisfy the needs of the stakeholders. The proposed models should be utilized by the stakeholders to assist them in successfully attaining their specific goals and objectives. 3) Practice satisfaction: The proposed models should meet the CMMI v1.3 specifications. Each proposed model should meet the aim of the specific practice according to CMMI v1.3 specifications. 4) Applicability of the models to small and medium-sized software development organizations: Each proposed model should be applicable to small and medium-sized software development organizations. These criteria have been set because they were noted in the references cited in the literature (Niazi et al. [39] ; Niazi et al. [46] ). Thus, it was kept in mind that ''the models should be easy to use, learn, follow, and their results should satisfy stakeholders' needs'' while building them. This is because we are targeting small-to medium-sized software development organizations that face many traditional problems, such as lack of financing and lack of necessary knowledge.
In the second stage, the research questions (see Section I) were developed in order to meet these specified criteria. In the third stage, data was collected by exploring published research articles and high-level software process descriptions. In addition, previous research works that addressed the implementation of CMMI Level 2 process areas were reviewed. Moreover, research articles that provide guidance to software development organizations to implement process areas of CMMI Level 2 in their environments were considered. In the fourth stage, we carried out a very careful analysis and evaluation of the collected data. In this stage, each paper was examined and reviewed carefully, and a list of guidelines and satisfactory models were determined from the literature on SP 1.3 and SP 1.4 of REQM process area. In papers in which authors have illustrated and discussed their CMMI implementation experiences with lessons learned, it was simple to determine the guidelines and recommendations for the implementation of SP 1.3 and SP 1.4 of REQM process area because often, authors presented a summary of these guidelines and recommendations as a bulleted list. However, in papers in which CMMI implementation was illustrated but authors did not clearly present a summary of findings about the core activities associated with REQM process area, each paper was carefully reviewed to recognize the main stages for implementing SP 1.3 and SP 1.4 of REQM process area. The proposed models were designed in stage 5. Each model is divided into main stages, and different activities associated with each stage are clearly highlighted.
In the final stage, an evaluation of the proposed models was conducted with an expert panel review process. This process was used in order to seek the opinions of SPI experts about the models proposed. It is essential to highlight that research that is currently being conducted in software engineering constantly it makes use of expert opinion, and the significance of this is generally appreciated when the software's quality is being evaluated (Rosqvist et al. [55] ). Consequently, the software engineering community assigns greater credibility and more value to research which uses the specialist opinion.
In this stage, a questionnaire was designed to collect the experts' opinions effectively regarding the models, and we extracted some questions from Niazi [50] . These were then tailored and customized to be consistent with the objectives of the study. It is important to highlight that we invited an academic researcher to look at the questions and review them before we sent out the questionnaire to the experts for evaluation. It was determined from his response that a few of the questions should be rewritten, so as to design a clearer and better organized questionnaire, which was also more concise and better able to catch all of the data that we required. In brief, the following points were considered in the evaluation forms:
• The objective of the questionnaire was illustrated.
• Some questions were asked about the experts' experience and knowledge of CMMI implementation. • The expert reviewers were asked to assess the proposed models against the ''ease of learning and ease of use'' criteria.
• The expert reviewers were asked to assess the proposed models against the ''practice satisfaction'' criteria.
• The expert reviewers were asked to assess the proposed models against the ''user satisfaction'' criteria.
• The expert reviewers were asked to assess the proposed models against the ''applicability of the models to small and medium-sized software development organizations'' criteria.
• The expert reviewers were asked if they would like to give comments on how we could enhance and improve the proposed models. This point provided the expert reviewers the opportunity to respond freely and include more information. Regarding the selection of experts, it is important to note here that the experts were carefully identified and chosen by taking various factors into account, such as their overall knowledge of the CMMI area, according to Garcia [57] . Although, there is not a standard that is either well-known or well-defined (Li and Smidts [58] ) for this particular selection of the experts. Consequently, we adopted some of the criteria indicated by Junior and Honório [56] and Garcia [57] for the experts' selection in order to systematize the selection procedure. These criteria are as follows.
• Experts should have requisite experience consisting of hands-on experience, consulting services, or management in the areas that are related to the study's theme
• Experts should be willing to participate and involve in research
• Experts should be versatile enough to deal with several issues concerning the theme studied and with requisite experience to recognize how these various issues will be used.
V. PROPOSED MODELS A. SP 1.3 ''REQUIREMENTS CHANGE MANAGEMENT''
In this section, guidelines, recommendations, and suitable models that target requirements change management are identified from the literature. This section provides the answer to RQ1 for SP 1.3. Moreover, the development of the proposed workflow model for SP1.3 ''requirements change management'' is described.
1) RELATED WORK ON MANAGING REQUIREMENTS CHANGES
Different research studies have been conducted to provide recommendations to effectively manage requirements changes:
• McGee and Greer [27] and Pierce et al. [28] pointed out that the changes in the requirements are not problematic; the actual problem is how to deal with these changes in an effective manner.
• Nurmuliani et al. [30] pointed out that the first step toward effectively managing requirements change is identifying the sources of the change.
• Barry et al. [26] indicated that ambiguities in the initial set of requirements, as well as poor stakeholders' involvement in the project, drive the changes in requirements.
• Persse [24] presented five fundamental activities for implementing SP1.3: (1) know that requirements will change, (2) control with baselines, (3) honor your customers' needs, (4) assess proposed changes, (5) incorporate changes in an orderly manner.
• West [41] proposed change audit report and Change Control Board (CCB) meeting minutes for SP 1.3.
• O'Regan [21] stressed that the change control should be conducted in order to assess the impact of the proposed changes.
• Chrissis et al. [17] emphasized that any change in the requirement should be documented and recorded. In addition, the change history should be maintained in order to trace the requirements volatility. In addition to the above studies, some models and process maps that address requirements change management have also been identified:
• Spiral-Like [43] model consists of four core stages or phases: (1) problem owning, (2) problem solving, (3) system engineering and (4) technology-specific. In the first phase, a few modifications in the shape of latest features, addition or tweaks/errors handling in the system are requested. In the closure of this cycle, the management team makes a decision on the importance of the modification and whether the change is required or not and how it will be implemented. The subsequent stage takes place when the proposed change has to be analyzed from a non-technical perspective. The third involves the preparation of the outline or layout for VOLUME 5, 2017 the implementation of the modification. Implementation is the final phase of the change request process. In this period, the requested change is implemented, and the verification of the technical solutions is performed. Although this model can be used for requirements change management in the software development lifecycle, it does not highlight any negotiation with the concerned customer.
• Olsen's [44] change management model is appropriate for software development as well as the maintenance phases. The users who propound the change in the requirement are regarded as the cause or source of the change. The proposed change is then moved forward to the change management phase. In this phase, change managers are entirely responsible for managing and controlling this change. Later, the accepted change is sent to the implementation phase where the proposed change is integrated into the software project. The implementation of the approved change is then verified to ensure that the process is working correctly by testing the implementation code and carefully examining the documentation. After the verification phase, the change manager is responsible for issuing the change in the software project/system to their customers/users. It is important to note that, Even though this model can adequately address the primary activities in requirements change management process, the model lacks some essential activities such as batching, negotiation with the customer, understanding the change request, and updating the documents.
• Ince's [45] change management model supports basic functions, i.e. change request, reject, batch, implement, and update. In this model, the customers/users and the development team are the primary sources of change requests hence the change management process is initialized by them. The requested change is recorded and saved on the change request note. The change request note is then moved forward to the Change Control Board (CCB) in order to make the decision about the change request. The CCB is the same for all change management processes regardless of change request type. In this proposed model, there are three typical types of decisions that can be made by the CCB. These include acknowledge, reject, and batch. In this model, a change authorization note must be completed once the change request is acknowledged and admitted for implementation. The proposed changes are then implemented from that point forward. The requirements document should also be consistently updated and modified, and the validation process should be performed immediately after implementation of the changes. Later, records of the validation and test activities should be created to report and file all changes that have occurred and integrated into the software project. Lastly, the configuration documents should be revised, and the stakeholders involved informed and notified about the implemented change. In summary, it can be concluded that, although Ince's Model addresses the requirements change management process effectively, it lacks some important activities such as verification/confirmation that tend to be lost in the model. As a result, it is quite difficult to determine whether or not the implementation of the proposed change is working properly
• Niazi et al. [46] introduced the requirements change management (RCM) model for implementing SP 1.3. The RCM supports software development organizations in the change management process. It was based on two data collection sources. The first source was an extensive literature review of SPI and RE that includes research articles, published experience reports, and case studies. Three RCM models are identified for implementing SP 1.3. These RCM models are Olsen's change management model, Spiral-Like change management process, and Ince's change process model. The second source involved interviewing experts in SPI from two companies. The researchers used ''ease of use'' and ''user satisfaction'' as essential criteria for building the RCM. In addition, it is necessary to point out that this model has five core stages: request, validate, implement, verify, and update. RCM is based on an empirical study as well as an extensive literature review of SPI and RE.
• Bhatti et al. [47] proposed a methodology to deal with the changes in the requirements of a software project. The proposed methodology consists of six basic phases: initiate, receive, evaluate, approve or disapprove, implement, and configure the change requests. In the first phase (initiate), the relevant stakeholders of the software project begin the change management process by requesting a change. The second phase is ''receive'' whereby the request for change is received in a particular form that follows the standard for seeking a change. The third phase is ''evaluate'' in which the impact of the proposed change is assessed and analyzed based on the current commitments and project plans. The decision of approving or disapproving the requested change is mainly based on the possibility and practicability of the proposed changes. In the ''implement'' phase, the approved changes are incorporated and integrated into the software project. Last, the ''configure'' stage entails maintaining and storing all change requests in a configuration management repository. All activities associated with this period should be carried out by a configuration engineer. It is necessary to point out that this methodology lacks some vital activities such as verification and batch. Therefore, it may not indicate whether or not the implementation of the approved changes is working satisfactorily.
• Tariq et al. [42] proposed a workflow model for SP 1.3 for SaaS cloud environment. In this model, the relevant client of the software project/system initiated the workflow model for change management by requesting a change to both the project manager (PM) and business development representative (BDR). In case the change request was submitted to BDR, it was forwarded to PM. In addition, this model highlighted the importance of using a repository to store the change request. The impact of the change was also evaluated. The authors defined a number ''n'' for the impact of change. If the impact did not exceed ''n'', the proposed changes were accepted immediately. If not, a review meeting took place, in order to make a decision on whether or not to approve the proposed change. Moreover, the model illustrated that, in case the proposed change was accepted, the requirements document and the project plans must be well updated. Furthermore, the business development representative (BDR) was responsible for informing the relevant client about the results and the decision taken regarding the change request. [46] , Bhatti et al. [47] , and Tariq et al. [42] . In this stage, the relevant stakeholders identify the need for change in the requirements. Internal and external project stakeholders can initiate the requirements change model. The initiation is implemented by requesting a change by filling out a change request form. The change request is then fed to a requirements change pool (repository). A requirements change pool is used to record primary information about the change request, such as justification of the change and the people who initiated the change request. It is necessary to indicate that the repository is included in our model because the requirements database is considered as one of the essential work products in CMMI v1.3 specifications [25] [42] . This stage involves acquiring a clear understanding of the change request. The nature of the new requirements or the proposed changes in the requirements of existing commitments should be well understood. An evaluation and an analysis of the change request should then be carried out to determine the impact of the change in terms of the cost, schedule, effort, and risk. It is important to point out that the evaluation activity of the impact of the change is included because it is indicated as one of the main sub-practices in CMMI v1.3 specifications [25] for SP1.3. Later, a full-impact assessment report should be prepared. This report should clearly show the required cost, updated schedule, and any additional resources necessary for the implementation of the change request. The final activity in this stage is decision making. This proposed model contains three types of decisions: approve, reject, and batch. If the change request is approved, it is forwarded for implementation. Rejecting the change request implies that the proposed change cannot be applied, hence cannot be integrated into the software project. Batching the change request suggests that the proposed change will occur after some specified period (future implementation).A change can be rejected due to lack of clarity or inadequate budgets. A change could be batched when it is observed to be of much lower priority in the current scenario but can affect the system at a later time.
The third stage is ''Implement.'' This stage is defined in our proposed model because it is pointed out in the following references cited in literature: Spiral-Like change management [ [42] . If the change is accepted, it is passed to the ''Implement'' stage, where the approved changes are integrated into the software project. This also involves all the required changes to the affected work products, such as design, code, and test cases.
The fourth stage is the ''Verify'' stage. This step is included in order to check whether the implementation of the recommended change is working correctly. This stage is added because it is described as one of the primary steps in the following proposed models: Olsen's change management model [44] and Niazi et al. [46] . In this stage, the implemented change is verified for completeness and correctness before being moved to the next stage. It is important to indicate that the change request is carried back to the ''Validate'' stage for purposes of additional understanding and evaluation if the verification phase is not satisfactory. This stage also helps ensure that there is no negative impact on the previously working modules.
The requirements documents are then ''Updated.'' The work product revision history is updated to reflect the latest change(s), and the revised work products are updated into the system repository. Furthermore, the customer/user is informed about the implemented change. The final version of the requirements document is distributed to the concerned stakeholders. This stage is incorporated because the following references cited in the literature stress the significant role of updating the requirements for managing the change in the requirements: O'Regan [21] ; CMMI v1.3 specifications [25] ; Chrissis et al. [17] ; Persse [24] ; Olsen's change management model [44] ; Niaziet al. [46] ; West [41] ; Tariq et al. [42] . Moreover, CMMI v1.3 specifications [25] underline that documenting the requirements change, maintaining the requirements change history, and making the change data available for the project are basic sub-practices for SP1.3.
To conclude, ''Release'' is the final stage. In this stage, the change is released into the production environment, and the final software products are released to the consumer. It is necessary to indicate that we have provided guidelines to help the users in traversing through the proposed model for SP 1.3. This model is broken down into simplified steps. Each of these steps is linked to corresponding templates/checklists. It is important to complete the mandatory information required in the template/checklists in order to complete a particular step before proceeding on to the next step. Appendix A presents the guidelines including templates, forms, and checklists that can be utilized by the user to traverse the proposed model.
B. SP 1.4 ''MAINTAINING BIDIRECTIONAL TRACEABILITY OF REQUIREMENTS''
This section describes our obtained results from the literature, including the guidelines and recommendations for maintaining and supporting the bidirectional traceability of requirements. Suitable models that would help trace all lower-level requirements to a valid source and vice versa are also identified. This section provides the answer to RQ1 for SP 1.4. Moreover, this section describes the development of the proposed model for SP1.4 ''maintaining bidirectional traceability of requirements.''
1) RELATED WORK ON MAINTAINING BIDIRECTIONAL TRACEABILITY OF REQUIREMENTS
Several research studies have been carried out to provide recommendations to better maintain requirements traceability:
• Gorschek [34] and Gorschek and Wohlin [35] underlined that requirements traceability is one of the key activities of requirements management, which is an essential part of RE.
• Ramesh [36] highlighted that requirements traceability assists in identifying the source for each requirement and the issuer.
• Abran et al. [38] indicated that requirements traceability helps in managing changes that may happen after obtaining commitment to the existing requirement.
• Persse [24] stressed that there is no need to have a certain tool to perform SP1.4. Simple spreadsheets could be used to maintain the traceability of the requirements.
• Moorthy [40] considered traceability matrix to be a main CMMI artifact for SP1.4.
• West [41] considered Requirement Traceability Matrix (RTM), project review meeting minutes, CCB meeting minutes, and project status reports to be main CMMI artifacts for SP 1.4.
• O'Regan [21] indicated that SP 1.4 can be achieved by using RTM as a typical way to trace all lower-level requirements to a valid source and vice versa. RTM can be implemented by using a simple Excel spreadsheet. • Chrissis et al. [17] pointed out that generating RTM is a necessary sub-practice in order to maintain the bidirectional traceability of the requirements.
• Tariq et al. [42] indicated that RTM should be generated in order to perform the traceability. This matrix is a two-dimensional array that lists all requirements of the software project in one column. The remaining columns are used to list project related activities, plans, and other work products.
Furthermore, some models and process maps that address the requirements traceability have also been identified from the literature:
• Ramesh and Jarke [48] proposed a low-end traceability model based on multiple empirical studies. This model is appropriate in the applications that involve the following operations on the requirements: decomposition, allocation, compliance verification, and change control. Software systems that can adopt such a model should have the typical complexity with about 1000 requirements. In this model, requirements traceability could be seen as a link between the initial requirements and the real components. High-level system requirements are also used in order to derive and obtain low-level requirements. Furthermore, the original requirements, as well as lower level refined requirements are derived from higher level system requirements. The Original and derived requirements are allocated to the system and its components. All the requirements are verified by determining the dependencies between requirements and system components. The proposed model also highlights that once any change is triggered, the traceability links are used to determine the compliance verification procedures. In addition, a requirements database is used in this model to retrieve the last updated version of the system's requirements. Tests should also be developed.
It is important to indicate that the obtained results from the tests will be used to show that all of the requirements are well addressed and covered.
• Kirova et al. [49] proposed a traceability model for Alcatel-Lucent's Wireless Business Group project. The model is divided into four stages: ''customer requests,'' ''features,'' ''requirements and architecture artifacts,'' and ''development and verification artifacts.'' In this model, a typical tracing starts with features provided through customer requests and goes through requirements levels, including architecture, design, and test. The proposed model provided the opportunity to create the multi-dimensional traceability matrix in a gradual manner. This model also supports the artifacts traceability. Dependencies between the artifacts are also traced and verified at various levels of granularity.
2) THE PROPOSED MODEL FOR SP 1.4 MAINTAINING BIDIRECTIONAL TRACEABILITY OF REQUIREMENTS''
Our model for SP1.4 ''maintaining bidirectional traceability of requirements'' is mainly proposed based on our findings from the literature presented in the previous section. This section illustrates our findings, including the guidelines, recommendations, and suitable models for maintaining the bidirectional traceability of requirements. Figure 4 VOLUME 5, 2017
shows the proposed workflow model for SP 1.4. The proposed model is divided into six essential stages: ''Request,'' ''Maintain,'' ''Validate,'' ''Allocate,'' ''Verify,'' and ''Release.'' In addition, we clearly presented certain activities associated with each of these stages. Our model starts with a relevant user/customer providing the new/changed requirements request. Then, the request is fed to the requirement/feature (repository) in order to record basic information about the request. This stage is included in our requirements traceability model, as it was highlighted in the traceability model proposed by Kirova et al. [49] . It is necessary to underline that such a repository is included in our requirements traceability model because CMMI v1.3 specifications [25] for SP1.4 highlighted that the traceability can be performed by using simple spreadsheets, databases, or any other ordinary tools. In addition, requirement/feature (repository) has been cited in the traceability model that was introduced by Kirova et al. [49] . It is necessary to point out that CMMI v1.3 specifications [25] stress the important role of SP1.4, especially in the case of assessing the impacts of the requirements changes on the current commitments, work breakdown structure, project plan, and other work products.
The second stage in our model is ''Maintain.'' This stage involves developing a clear understanding of the request. The analysis activity is needed because the user requirements are predominantly high-level, thus, they may also need to be split into more manageable parts. In addition, any implied and derived requirements should also be identified and recorded into the software requirements specifications. This includes mapping all lower-level requirements to a valid source and vice versa. This stage is included in the model, as highlighted in the following references cited in literature: CMMI v1.3 specifications [25] ; Chrissis et al. [17] ; O'Regan [21] ; O'Regan [21] ; Abran et al. [38] ; Tariq et al. [42] .
The third stage is ''Validate.'' This stage is needed to review the updated software requirements specifications in order to ensure that all the derived requirements are well-mapped and documented. After that, relevant stakeholders commit the request as well as its impact (Persse [24] ). All the signed-off requirements are updated into the RTM.
The fourth stage is the ''Allocate'' stage. The requirements are allocated to the work products across phases based on the impact of the requirements changes. The derived requirements are then translated into the design of the end product. As a result, design, code, and the corresponding sections in RTM specifications are updated. O'Regan [21] , Moorthy [40] and West [41] highlighted that the requirements traceability matrix must be updated after any change that may happen after obtaining commitment. Therefore, the requirements traceability matrix should be updated at the end of each phase in order to depict the linkage of each of the requirements.
The fifth stage is the ''Verify'' stage. This stage is included in order to check whether the implementation of the finished product is working correctly. Test cases for the finished product are created to ensure that all the requirements are well addressed and met. This stage is added because it is described as one of the primary activities in the following proposed models: Low-End Traceability Model (Ramesh and Jarke [48] ) and traceability model (Kirova et al. [49] ). In this stage, the final product, including the proposed change, is verified for completeness and correctness. Once the test cases are created, they are updated into the RTM. In case of any further change in test cases, which might have an impact on other modules, the RTM must be updated accordingly. The latest update on design, code, test cases, the final RTM, and the final work products should be recorded into the system repository.
The final stage is ''Release.'' In this stage, the final software product is released to the consumer. In addition, product features and requirements documents are updated. Appendix B provides guidelines including templates, forms, and checklists that can be utilized by the user to traverse the proposed model.
VI. EVALUATION OF THE PROPOSED MODELS A. EXPERT PANEL REVIEW PROCESS
The expert opinion approach (also called the expert judgment approach) is useful in any examination of a series of specific questions that are related to the system's behavior (Babar and Kitchenham [62] ). It is also utilized to conduct an evaluation of the product, which is carried out by a group of experts that are invited to use a combination of experience and knowledge in a particular area [63] . According to Ma et al. [64] , the expert opinion's target is to provide a flexible, robust approach that will elicit unbiased evaluations from the domain experts.
The experts' important contribution has received widespread recognition (Dybå [66] ) by those in the SE community. The opinions of expert in a particular matter can be described as being scientific efforts that shed some revealing light on the data, make predictions about various actions of a system and also accurately assess any uncertainties that exist (Cooke [65] ). The growing search for experts' opinions, especially in academic research, is justified as the decision-taking processes of various fields of knowledge are either still immature or have just been constructed (Li and Smidts [58] ).
According to Hakim [67] , small samples can be used to both trial and evolve a particular proposition, especially in the research's early phases. It is important to mention here that Beecham et al. [68] have confirmed that the research utilises samples to get the feedback of experts so as to make an appraisal of the model's progress, which will be used to support a knowledge area. Furthermore, this approach is generally utilised by a lot of researchers in the field of software engineering in order to evaluate a number of models of software development. For example:
• Dybå [66] used 11 SPI experts in the areas of academia and industry in order to undertake a review process.
• Interviews with a total of 30 experts by El Emam and Madhavji [69] were conducted to elicit the criteria so as to evaluate the RE's success.
• Beecham et al. [68] utilised a total of 20 experts to provide validation for their Requirements Capability Maturity Model (R-CMM).
• Niazi et al. [46] introduced the requirements change management (RCM) model for implementing SP 1.3. This model was then evaluated, with two SPI expert reviewers being involved in an expert review process. There has been other work that shows expert judgments are reliable, including:
• Lauesen and Vinter [70] highlighted that the predications of experts on requirements defect were very high when utilised in practice. Therefore, these experts have an excellent ability to make predictions about the various techniques which will make sure that requirements defects are successfully prevented
• Kitchenham et al. [71] have pointed out that it would be useful to take into consideration the opinion of experts on a process model so as to give an informal validation of the model. It is important to note that the value of expert opinion is generally recognized when the software's quality is assessed (Rosqvist et al. [55] ). Therefore, it can be stated that the software engineering community gives more importance and greater credibility to research which utilizes the technique of specialist opinion. Other research, such as that carried out by Kitchenham et al [71] , has confirmed this assertion and shown how this technique is relevant by analyzing how precise various effort estimation methods are using the opinions of various experts. Furthermore, Beecham et al. [68] conducted research with experts that assessed a maturity model for software requirement engineering that was aligned to the CMMI model. Therefore, researchers who work in the field of software engineering have a tendency to utilize the opinion of specialists so as to make an assessment of their proposal and gain vital feedback that can improve the efficiency of the evaluation process.
B. EVALUATION OF THE PROPOSED MODELS THROUGH AN EXPERT PANEL REVIEW PROCESS
We conducted an expert panel review process to seek the opinions of software process improvement experts about different aspects of the evaluation of our proposed workflow models. It is vital to mention that all expert reviewers involved in the evaluation process have adequate knowledge of SPI implementation, SPI models (such as CMMI), and software requirements engineering. As far as identifying the expert reviewers is concerned, it is worth mentioning that one of the expert reviewers was an acquaintance through whom we were able to reach many other expert reviewers. The SPI reviewers involved in the evaluation were selected based on their experience in the field of software process improvement. The experts' profiles are presented in Table 2 . The experts were classified in three categories based on their experience and knowledge of CMMI. According to Khan et al. [59] , the researchers can establish their own criteria in order to identify different levels of expert reviewers (see Table 3 ).
The expert reviewers were selected from three Saudi Arabian software development organizations, namely ''Organization A'', ''Organization B'', and ''Organization C.'' ''Organization A'' supports IT projects for its clients. It performs this by both following and facilitating the utilization of processes, including the initiation, planning, execution, controlling, and closure of IT projects. It also supports a number of administrative applications as well as providing systems and operational support to several operating system platforms. ''Organization B'' designs software by building software solutions for a number of financial services firms and also the hospitality industry. This organization also fixes industrial applications and is able to ease business-related work and administrative works to be done. ''Organization C'' operates in the field of software development as well as design organization. It has web designers and a number of programmers among its staff. The organization has also the ability to service clients, which is done by giving web solutions in the areas of web content planning, designing, implementing, and management. It currently uses Plan, Design, Implement, and Manage (PDIM) methodology. According to Saudi Arabia's SME definition, Organizations A and B can both be categorized as small organisations, while Organization C can be categorized as being a medium-sized organisation.
In order to obtain SPI experts' feedback about our proposed models, a questionnaire was developed. Some questions were adapted from (Niazi [50] ) to satisfy the objectives of this research. The questionnaire consists of three core parts: a cover letter (consent form) in which we briefly describe the purpose of this evaluation, demographics, and model feedback. The model feedback portion addresses the following important aspects: practice satisfaction, ease of use, user satisfaction, and applicability to small-and medium-sized software development organizations. Before asking the SPI experts to fill out this questionnaire, an academic researcher reviewed and examined the questions. Based on his feedback and comments, we have made changes to some questions in order to make the questionnaire clearer and more logical to respondents (see Appendix C and Appendix D). A summary of the main conclusions from the data collected is presented below and shown in Table 4 .
In regards to the question related to ''practice satisfaction,'' on a five-point scale where the choices range from ''strongly agree'' to ''strongly disagree,'' four out of five experts chose either ''strongly agree'' or ''agree'' for each proposed workflow model. This information shows that the majority of experts agreed that each proposed model satisfies the goal of the specific practice, according to CMMI v1.3 specifications. In other words, they agreed that our proposed models for SP 1.3 and SP 1.4 ensured that there was practice satisfaction, based on the CMMI Level 2 maturity requirement.
The experts were asked the following two questions about ''ease of learning and ease of use'' (i.e., RQ2) for each proposed model:
• How clear is the representation of the proposed workflow model using a scale of 1 to 5, with 5 = ''very clear'' and 1 = ''not at all?''
• How much knowledge of CMMI is required to learn how to use our proposed workflow model using a scale of 1 to 5, with 5 = ''too much knowledge'' and 1 = ''not at all?'' The first question was related to the overall clarity of the proposed model's representation. In this question, all of the experts selected ''5'' or ''4'' on the five-point scale for the proposed model for SP1.3. For the proposed model for SP1.4, all of the experts selected ''5'' or ''4'' on the five-point scale, except for one expert who selected ''3.'' This shows that, in general, the SPI experts did not have any problems understanding or learning the proposed models.
The second question was about the range of CMMI knowledge that is required to use the proposed model. In this question, four out of five SPI experts selected ''1'' or ''2'' on the five-point scale, in which 5 is ''too much knowledge'' and 1 is ''not at all,'' for the proposed model for SP 1.3. For the model proposed for SP 1.4, two experts selected ''1,'' two experts selected ''2,'' and one expert selected ''3'' on the same scale. This indicates that, in general, the SPI experts fully understood the proposed models and quickly learned how to use them. Therefore, we can conclude that the SPI expert reviewers had positive feelings and impressions about our proposed workflow models in relation to the ease of learning as well as the ease of use.
In order to evaluate the proposed models against the ''stakeholder satisfaction'' criteria (i.e., RQ3), the experts were asked two specific questions about each model. The first one was related to the usefulness of the model in the software industry, while the second one was related to the improvements that could be gained on quality software products by adopting the model. On each proposed workflow model, the following two questions were asked:
• How useful would it be to the software industry to use our proposed workflow model using a scale of 1 to 5, with 5 = ''very useful'' and 1 = ''not at all?''
• The use of our proposed workflow model would improve the software process and lead to the production of high-quality software products. (Use the five-point scale of ''strongly agree'' to ''strongly disagree.'') In the first question, four out of five expert reviewers selected ''5'' or ''4'' on the five-point scale, with 5 = ''very useful'' and 1 = ''not at all,'' for both proposed models. These results show that all of the proposed models are useful to the software industry. They can also help software organizations implement SP 1.3 and SP 1.4 of the REQM process area at CMMI Maturity Level 2 quickly. When it came to the second question, most (80%) of the experts had the opinion that the use of our proposed workflow models would improve the software process as well as lead to the production of high-quality software products. They gave overall positive responses, showing ''stakeholder satisfaction'' with the proposed models. Based on the results of the initial evaluation, we are confident that our proposed models satisfied the needs of the stakeholders.
We also examined the ''applicability of the models to small-and medium-sized software development organizations'' (i.e., RQ4), and asked the expert reviewers to rate every one of the proposed models by using our five-point scale to make a rating of this statement: ''Our proposed workflow model is applicable to small-and medium-sized software development organizations. In other words, it can be applied to both small-and medium-sized software development organizations.'' For the proposed model for SP1.3, one expert selected ''strongly agree,'' three selected ''agree,'' and one selected ''neutral.'' However, for the proposed model for SP1.4, three experts selected ''agree,'' and two experts selected ''neutral.'' Overall, the results of the expert evaluation showed that our proposed models are applicable to small and medium-sized software development organizations. This means that they can be applied to both small and medium-sized software development organizations.
It is necessary to highlight that relative weight of five-point Likert Scale for evaluation question for all models is outlined in Table 5 . Tables 6 and 8 Tables 7 and 9.  Table 10 shows the Chi-Square test results of the responses to the evaluation questions that were listed in the questionnaire. As can be seen from Table 10 , the P value for every evaluation question for all the models proposed is more than 0.05, which means there was not a significant difference between the feedback gained from the Junior, Intermediate and Senior participants.
Finally, according to the initial evaluation, we are assured that our proposed models are easy to use and learn. Moreover, the proposed models can assist small-and medium-sized software development organizations in implementing SP 1.3 and SP 1.4 of the REQM process area, as stated by CMMI v1.3 specifications. Our models can also be applied to such organizations. The SPI experts have also asserted that our proposed models are useful, as they would help increase the depth of knowledge of SPI practitioners on the requirements management process area of CMMI Level 2. 
C. THE NOVELTY OF THE PROPOSED MODELS
It is necessary to note that the main differences that exist between the proposed model for SP1.3 and the earlier models found in the literature suitable for requirements change management are highlighted in Table 11 . Likewise, Table 12 presents the major differences between the proposed model for SP1.4 and previous models suitable for requirements traceability. It is important to mention that the main novelties of our work need to be stressed in the following ways.
First, we proposed abstract-level models for SP 1.3 and SP1.4 models. These proposed models satisfy the CMMI v1.3 specifications. In other words, they were designed according to the objectives of each specific practice stated in the CMMI v1.3 specifications. Second, the requirements traceability and change management in the requirements management process area are tackled at the specific practice level. Third, the proposed models for SP 1.3 and SP 1.4 are developed primarily for smalland medium-sized software development organizations. In addition, we discussed the initial evaluation of these proposed models regarding ''practice satisfaction,'' ''ease of learning,'' ''user satisfaction,'' and ''applicability to smalland medium-sized software development organizations.'' It should finally be noted that the guidelines are another major innovation of our work that we presented. These include the templates, checklists, and forms that users can use to go over our proposed models. This was done because O'Regan [21] said that: ''Templates support the process and allow consistent input and output during the different parts of the process.'' Moreover, Ghalambor and Latifi [51] states that ''the template would provide the organization with a guideline to achieve the organizational objectives.'' Furthermore, [52] provides an example that illustrates how a specific practice in CMMI Level 2 can be implemented by providing templates, checklists, and forms.
VII. LIMITATIONS
There are a number of distinct limitations pertaining to this research study. Of the limitations, the most crucial ones are noted below:
• The SPI expert reviewers might interpret each question differently when responding to the questionnaire and, therefore, answer based on their own understanding of the question.
• The SPI expert reviewers might interpret the descriptions of the proposed models, appended with the questionnaire, differently. It is worth noting here that there is no discernible evidence about the previous two limitations actually being experienced, as none of the expert reviewers have reported and expressed any issues or concerns. However, in order to lessen the potential impact of the two limitations, the questionnaire, including the descriptions for the proposed models, was examined by an academic researcher before the experts were asked to fill it out. The final version of the questionnaire was developed based on the researcher's feedback. This was done to make it clearer to respondents, thus reducing the possibility that the questionnaire, as well as the descriptions, might be interpreted differently. Moreover, the proposed models in this study were based on a detailed literature review, where published research articles that provided guidelines for implementing CMMI Level 2 were analyzed.
• The knowledge of the expert reviewers as well as their experiences might place constraints on our evaluation results. Despite this limitation, we are confident about the evaluation results obtained, as all expert reviewers involved in the evaluation process have sufficient knowledge in the field of SPI and RE. In addition, there were no suggestions put forward by the researcher to explore these expert reviewers.
• As a growing amount of papers are currently addressing the implementation of REQM process areas, it is possible the ordinary literature review process could have overlooked some of the relevant papers. However, like other researchers of ordinary literature review or systematic literature review, this cannot be called a systematic omission (Hossain et al. [61] ).
• External validity is about the generalization of the results that are different to other environments to the ones in which this initial study was conducted (Regnell et al. [60] ). As all experts in the ''expert panel review'' process were from Saudi Arabia, it is difficult to make a justification at this stage for the external validity. So the obtained results could be generalized in Saudi Arabian organizations but we may not have the ability to generalize the findings to other countries. It is necessary to point out that the research's limitations might confuse the research's general conclusions. But the limitations will not stop observations that could be used to allow more exploration into the implementation of SP 1.3 and SP 1.4, according to CMMI's Level 2 maturity requirement, and improve the proposed models for every specific practice continuously. This piece of research should be seen as work that is ongoing and could be extended by other researchers in the future. Accordingly, this work can be considered as a starting point toward generalizing the findings that we have outlined in this paper.
VIII. CONCLUSION AND FUTURE WORK
In this paper, we implemented CMMI Level 2 specific practices SP 1.3 and SP 1.4, specifically for small-and medium-sized software development organizations in Saudi Arabia. In order to address the RQ1, we developed a workflow model for each specific practice, i.e. SP 1.3 and SP1.4. For each specific practice, we identified the guidelines and suitable models from the literature and believe that our findings can be utilized to implement SP 1.3 and SP 1.4 of REQM. During the literature review, we collected data by exploring published research articles, experience reports, and case studies. We also evaluated the collected data from the literature review in order to come up with the proposed models. The development of the proposed workflow model for each specific practice is based mainly on our findings from the literature. It is necessary to note here that the comments and suggestions proposed by expert reviewers were also utilized to improve and enhance the proposed models.
In order to address the RQ2, RQ3, and RQ4, we performed an initial evaluation of the proposed models by using the expert review process. For RQ2, the expert reviewers were asked certain questions about the clarity of the proposed models' representation and the range of knowledge required to successfully use them. Regarding RQ3, two questions were carefully stated in the evaluation form in order to assist us evaluate the proposed models against the ''stakeholder satisfaction'' criteria. The first one was related to overall usefulness of the proposed models in the software industry, while the second one was about the improvements that could be obtained in delivering high-quality software by adopting the proposed models. For RQ4, the experts were asked a particular question about the applicability of the proposed models to small-and medium-sized software development organizations in Saudi Arabia.
The evaluation results show that our proposed models are clear, easy to use, and easy to learn. In addition, our models can be applied to both small-and medium-sized software development organizations in Saudi Arabia. Moreover, they can help such organizations implement SP 1.3 and SP 1.4 of REQM, according to the CMMI Level 2 maturity requirement. This study will help Saudi Arabian small-and medium-sized software organizations adopt CMMI Level 2 specific practices SP 1.3 and SP 1.4 of the REQM process area quickly. Thus, it will assist them in getting one step closer to achieving CMMI Level 2 certification. In addition, this will lead to high-quality products and customer satisfaction. Furthermore, our implementation will increase the depth of knowledge of both practitioners and researchers on SP 1.3 and SP 1.4 of the REQM process area at CMMI Maturity Level 2. Moreover, we can consider this study as an ongoing research work that can be extended and carried out by researchers in the future. It can possibly lead to research expansion in the field of CMMI Level 2 implementation.
For future work, we intend to evaluate the proposed workflow models by conducting multiple case studies in an industrial setting in order to assess their suitability. 1. The use of our proposed workflow model for SP1.3 would help manage changes to requirements as they evolve during the project. 5. The use of our proposed workflow model for SP1.3 would improve the software process and lead to the production of high-quality software products.
APPENDIX A

See
6. Our proposed workflow model for SP1.3 is applicable to small-and medium-sized software development organizations. In other words, it can be applied to both small-and medium-sized software development organizations. 5. The use of our proposed workflow model for SP 1.4 would improve the software process and lead to the production of high-quality software products. 6 . Our proposed workflow model for SP 1.4 is applicable to small-and medium-sized software development organizations. In other words, it can be applied to both small-and medium-sized software development organizations.
7. Please provide us with comments on how we could improve our proposed workflow model for SP 1.4.
